Four elite diploid populations of sugarbeet viz. IISR Comp-1, LKC-11, LS-6 and Ramonskaya-06 were examined using isozymes and molecular markers. Seventy-one bands consisting of 28 isomorphs of 6 isozyme systems viz. superoxide dismutase, guaiacol peroxidase, malate dehydrogenase, amylase, esterase and aspartate amino transferase were resolved. Molecular analysis was performed using 28 RAPD (random amplification of polymorphic DNA) and 4 inter simple sequence repeat (ISSR) primers. Highly polymorphic band profiles with 327 RAPD markers (11.67/primer) of 162-2862 bp and 39 ISSR markers (9.75/primer) of 160-1884 bp were obtained. Mean value of Polymorphic Information Content (PIC) for RAPD and ISSR primers was 0.41 and 0.44 respectively. Based on the binary matrix of presence/absence of bands, Dice coefficient of genetic similarity (GS) matrix was computed for each marker system, which ranged from 0.62-0.76 (mean value 0.726), 0.10-0.74 (mean value 0.27) and 0.12-0.86 (mean value 0.35) for isozyme, RAPD and ISSR markers. There was significant correlation (rϭ0.908) between the RAPD-GS and ISSR-GS matrices, however, the correlation of isozyme matrix vs. RAPD and ISSR pattern was low. GS coefficients of isozyme, RAPD and ISSR were used to cluster the genotypes based on the UPGMA method and the dendrograms obtained were compared to develop consensus phylogenetic trees using NTSYSpc. The X-axis contained IISR Comp-1 and R-06, and the Y-axis contained LS-6 and LKC-11. The much lower values of average genetic similarity based on RAPD (0.27) and ISSR (0.35) indicated the ability of DNA based markers to detect high degree of polymorphism among these populations suggesting thereby, the possibility of screening a higher number of anonymous loci in sugarbeet using these molecular markers as compared to isozymes to enable the selection of the best parents in order to obtain new genetic combinations.
ditions in India (Srivastava, 1995) . Some of these are being used in breeding programmes and it is essential to identify genetically diverse parents. Biochemical and molecular markers have been proved as valuable tools to characterize and evaluate genetic diversity within and between species and populations. It has been shown that different markers might reveal different classes of variation (Powell et al. 1996 , Russell et al. 1997 , which is correlated with the genome fraction surveyed by each kind of marker, their distribution throughout the genome and the extent of the DNA target which is analyzed by each specific assay (Dávila et al. 1999) . Isozymes have been used as useful markers in genetic studies of many plant species (Simpson et al., 1986) including sugarbeet, spinach beet and wild beet accessions (Abe and Shimamoto 1990 , Bartsch et al. 1999 , Reamon-Ramos and Wricke 1992 , Sabir et al. 1992 . The use of high-resolution DNA markers is also important in distinguishing and selecting specific, genetically diverse genotypes. The class of DNA markers that has received maximum attention in studies of genetic diversity is the PCR based RAPD (Randomly Amplified Polymorphic DNA) markers. RAPD is simple and easy to perform and can be applied to a large number of genotypes without adding much to the cost of experiment. A marker system called Inter-Simple Sequence Repeats (ISSRs) is also a PCR-based technique (Wolfe and Liston 1998) that accesses variation in the numerous microsatellite regions (very short stretches of DNA) that are "hypervariable", expressed as different variants within populations and among different species dispersed throughout the various genomes (particularly the nuclear genome) and circumvents the challenge of characterizing individual loci that other molecular approaches require.
With a view to screen and evaluate the available genetic diversity in sugarbeet with different markers and in order to optimize and facilitate the breeding process, the present study was conducted to: (1) estimate genetic similarity among four elite populations of sugar beet using different marker systems, (2) identify the genetically diverse groups for use in breeding programmes.
Material and methods

Plant material
Three elite diploid (2nϭ18) populations of sugarbeet developed at IISR, Lucknow, viz. IISR Comp-1 and LKC-11 (composite lines) and LS-6 (open pollinated diploid selection) along with one adapted population from Russia viz. Ramonskaya-06 (R-06) were selected for the present study as they have been identified as high yielding and tolerant to Sclerotium, salinity and high temperature constraints. Seeds of these 4 genotypes were sown in field in RBD in 4 replications. Leaf tissues of 10 randomly selected plants in each replication of 4 populations at one-month crop age were taken for protein and DNA extraction. Samples from individual replications were pooled to form a bulk sample representing a population and stored at Ϫ20°C till further application.
Protein extraction, electrophoresis and activity staining
About 500 mg tissue/plant was ground in pre-chilled mortars with 2.5 ml extraction buffer (50 mM Tris HCl, pH 7.4 supplemented with 1.0% leupeptin, 3.0% PVP, 20 mM DTT) followed by centrifugation at 10,000 rpm at 4°C for 15 min. The clear supernatant was dialyzed in dialysis buffer (20 mM Tris HCl, pH 7.4) at 4°C on a magnetic stirrer overnight, which was applied directly on 7% vertical PAGE at 4°C in a Mini Protean III unit (BioRad, USA) according to the method of Manchenko (1994) under a constant current of 100 mA for 5 to 6 h, until the tracking dye had moved 5 to 7 cm from the cathodal end. The gels were subjected to activity staining for superoxide dismutase, guaiacol peroxidase, malate dehydrogenase, amylase, esterase, and aspartate amino transferase isozymes as per protocols given in Pasteur et al. (1988) . By incubating gel with Tris buffer and MgCl 2 using tetrazolium system, Superoxide dismutase isozymes appeared as light bands on a blue background after half an hour. Similarly, incubating gel in Tris buffer with Guaia-col and H 2 O 2 for 15 min developed Peroxidase isozymes as reddish brown coloured bands. For detection of MDH, staining was done using malic acid and tetrazolium system in Tris buffer. Gel was incubated in dark until blue bands appeared. For amylase, gel was stained with iodine after incubation in starch dissolved in phosphate G buffer for 30 minutes. For esterase, gel was stained using Fast Red TR salt and a-naphthyl acetate in Tris A buffer and incubated at 37°C for 15 min until brown coloured bands appeared. For aspartate amino transferase, blue-green bands were detected by incubating gel with Tris buffer and L-aspartic acid using "mouse method". Electrophoresed samples were photographed using an AlphaImager TM Gel (Alpha Innotech Corporation) documentation system and stored in 3% acetic acid.
Isolation of genomic DNA Approximately 5 g of leaf tissue was extracted with 25 ml microprep buffer (0.11 M Tris HCl pH 7.5, 20 mM EDTA, 130 mM Sucrose, 0.75 M NaCl, 0.75% CTAB and 2% PVP, (Srivastava and Gupta 2001) . Approximate DNA yields were calculated by a UV-visible spectrophotometer.
RAPD Reaction Twenty-eight arbitrary decamer oligonucleotide primers (Table 1 ) synthesized from Life Technologies were used. Cycling was performed in a PTC 200 (MJ Research TM Inc., Waltham, USA), as 45 cycles of 94°C for 1 min, 37°C for 1 min and 72°C for 2 min with initial denaturation cycle of 94°C for 5 min and a final primer extension cycle of 72°C for 10 min. The DNA polymerase was purchased from Bangalore Genei, India. Each amplification experiment was performed at least twice. 25 ml of amplified products were detected on 2% agarose gels in 1ϫTAE buffer in BioRad SubCell GT electrophoresis unit using 0.5 mg/ml of ethidium bromide (EtBr) for staining. Gels were photographed using AlphaImager TM (Alpha Innotech Corporation, San Leandro, USA) Gel documentation system.
ISSR amplification Amplification reactions were carried out in medium containing 1ϫPCR buffer, 200 mM dNTPs, 0.3 mM primer, 4 mM MgCl 2 1 Unit Taq polymerase and 10 ng template DNA. Four primers were used (Table 1) . Thirty-five amplification series were carried out after the initial denaturation at 94°C for 3 min, with each cycle consisting of DNA denaturation at 94°C for 1 min, primer annealing at (Tm-5)°C for 1 min and DNA amplification at 72°C for 2 min with a 4 min extension at 72°C at the end of the 35 cycles. PCR products were separated on 1.5% (w/v) agarose gel, using 1ϫ TAE buffer and stained with ethidium bromide and evaluated under UV light.
Data analysis Based on the intensity of staining, the isozyme bands were categorized as dark, medium and light. Each band corresponding to an isozyme was designated using the enzyme code i.e. SOD for superoxide dismutase, POX for guaiacol peroxidase, MDH for malate dehydrogenase, AMY for amylase, EST for Esterase and AAT for aspartate amino transferase, followed by a number indicating the relative mobility of the band. Relative mobility (Rm) of the bands was determined as the ratio of the distance of band from the origin to the dye front expressed in percentage. The isozyme, RAPD and ISSR bands were scored for presence/absence in each sample, which were transformed into a binary character matrix ("1" for the presence and "0" for the absence of a band at a particular locus). Polymorphic information content (PIC) values for each RAPD and ISSR primer were calculated according to the formula: PICϭ1Ϫ∑(P ij ) 2 , where P ij is the frequency of the i th pattern revealed by the j th primer summed across all patterns revealed by the primers (Botstein et al. 1980) . Pair-wise genetic similarity (GS) between individuals for each marker system was estimated using the DICE coefficient of similarity (Dice 1945) . All the GS matrices were subjected to UPGMA (unweighted pairgroup method with arithmetic average) cluster analysis (Sneath and Sokal 1973) following the Sequential Agglomerative Hierarchical Nested (SAHN) cluster analysis module of NTSYSpc version 2.11V software (Exeter software, N.Y., Rohlf 2000) . The goodnessof-fit of the dendrograms to the original GS matrix was calculated by computing the co-phenetic value (rcoph) using the COPH (cophenetic) and MXCOMP (matrix comparison) modules of NTSYSpc. The COPH module computes a symmetrical matrix of cophenetic (ultrametric) similari-ty or dissimilarity values in the form of a tree matrix from the set of nested clusters produced by the SAHN clustering module. The MXCOMP module tests the goodness of fit of the cluster and the original GS matrix by computing the product-moment correlation, r, and the Mantel test statistic, Z, to measure the degree of relationship between the 2 matrices. A rcoph Ն80% is generally considered a good fit (Rohlf 2000) .
Comparison between isozyme, RAPD and ISSR based GS matrices was done using MAX-COMP routine of NTSYSpc. The COPH subroutine of NTSYSpc was used to determine cophenetic correlation between different clusters.
Results
In the present study, the electrophoretic spectra of 6 isozyme systems viz. superoxide dismu- tase, peroxidase, malate dehydrogenase, amylase, esterase and aspartate amino transferase in four diploid populations of sugarbeet viz. IISR Comp-1, LKC-11, LS-6 and Ramonskaya-06 (R-06) exhibited polymorphism of major bands (Fig. 1) . A total of 71 bands consisting of 28 isomorphs were resolved; 18 in R-06, 21 in LKC-11, 16 in IISR Comp-1, 16 in LS-6.
Superoxide dismutase (E.C. 1.1.37) Three distinct zones of superoxide dismutase activity i.e. upper (Rm 0.19), middle (Rm 0.40-0.59) and lower zone (Rm 0.67-0.74) containing a total of 14 bands of SOD isoenzymes of Rm from 0.19-0.74 were observed. The bands were grouped into 6 isoenzyme phenotypes designated as SOD-1 to SOD-6. SOD-5 was the most common isozyme present in the fast migrating lower zone of peroxidase activity in all the genotypes. Maximum polymorphism of SOD isozymes was resolved in LKC-11 followed by IISR Comp-1. SOD-2 and 3 (Rm 0.40 and 0.47 respectively) were unique to LKC-11 and R-06.
Guaiacol peroxidase (E.C. 1.11.1.7)
Three distinct zones of guaiacol peroxidase activity i.e. upper (Rm 0.20-0.25), middle (Rm 0.34-0.47) and lower zone (Rm 0.54-0.59) were observed which showed a total of 13 bands of peroxidase isoenzymes and were grouped into 6 isoenzyme phenotypes designated as POX-1 to POX-6. POX-4 and 5 isozymes were present in the fast migrating lower-middle zone in all the populations. Maximum polymorphism of POX isozymes was resolved in LKC-11. POX-2 and 3 were unique to LKC-11, and POX-6 was unique to R-06.
Malate dehydrogenase (E.C. 1.1.37) Ten bands of malate dehydrogenase (MDH) isozyme with Rm values ranging from 0.23 to 0.44 were observed which were grouped into 5 MDH isozyme phenotypes viz MDH-1 to MDH-5. Two isoforms were present in LKC-11 and IISR Comp-1, whereas 3 isoforms were present in LS-6 and R-06. MDH-2 (Rmϭ0.26) was present universally.
Amylase (E.C. 3.2.1)
Four bands of amylase of Rm values ranging from 0.18 to 0.19 falling into 2 amylase isozyme phenotypes viz AMY-1 and AMY-2 were observed. AMY-1 was present in all except LKC-11, whereas AMY-2 was present only in LKC-11.
Esterase
Twenty-two bands of esterase were observed in 4 genotypes, which were grouped into 7 esterase isozyme phenotypes viz EST-1 to EST-7 based on their relative mobility (0.16-0.72). Three distinct zones of EST activity were observed. First zone comprising of single fast moving intensely stained band of Rmϭ0.72. The second zone comprising of 3 bands of intermediate mobility (Rmϭ0.42-0.59) was useful in distinguishing the cultivars. The third zone consisted of three bands (Rmϭ0.16-0.30). EST-1, EST-2, EST-6 and EST-7 were present in all the genotypes.
Aspartate amino transferase (E.C. 2.6.1.1) Two aspartate amino transferase isozyme phenotypes viz AAT-1 (Rm 0.35) and AAT-2 (Rm 0.40) were observed. Both isoforms were present in all populations.
RAPD analysis
Twenty-eight decamer oligonucleotide primers were used to generate RAPD profiles ( Fig. 2a  and b ) and all of them were polymorphic among sugarbeet genotypes generating a total of 327 bands with molecular weight ranging from 162-2862 bp. The number of amplicons per primer varied from 4 to 20, except primer P-28 that produced only one band of 1933 bp (Table 1) . Each primer generated an average of 11.67 RAPD markers. The average polymorphic information content (PIC) of 28 primers was 0.40, ranging from 0.37 to 0.50. The lowest and the highest PIC values were recorded for primer P-15 and P-28 (Table 1) , respectively. The primers P-5 and P-16 resolving 10 and 8 RAPD amplicons (PIC value 0.48) were most efficient followed by P-21 (6 RAPD amplicons and PIC value 0.47).
ISSR Diversity
In ISSR analysis, a total of 39 bands were observed in the 4 populations of sugarbeet using four SSR primers (Fig. 2c) . The locus number varied from 4 to 15 per primer (averaging 9.75/primer), with fragment size ranging from 160 to 1884 bp (Table 1 ). The average polymorphic information content (PIC) was 0.44, ranging from 0.41 to 0.50. The primers ISSR-14 and ISSR-12 produced 4 and 10 bands respectively with a PIC value of 0.50 and 0.44 (Table 1) .
Genetic Similarity analysis and Clustering of populations
Dice coefficient of genetic similarity (GS) for isozyme, RAPD and ISSR markers are given in Table 2 . Isozyme-GS estimated on the basis of 71 bands resolved from 5 isozyme systems ranged from 0.62 (LKC-11 to R-06) to 0.76 (IISR-Comp-I to R-06 and LKC-11 to LS-06) with an over-all mean similarity index of 0.73, indicating thereby, the sufficient genetic similarity of these 5 isozyme systems among the 4 elite populations. The RAPD-GS values based on 327 RAPD markers generated from 28 random primers ranged from 0.09 to 0.74 with the mean similarity of 0.27. The highest genetic similarity was found between LS-6 and LKC-11, while the lowest genetic similarity was observed between IISR-Comp-I to LS-06. The average genetic similarity between IISR Comp-I to R-06 accessions (0.50) and LKC-11 to LS-6 accessions (0.74) was higher than that of all accessions. The ISSR-GS coefficients varied from 0.12 to 0.86, with the average similarity value of 0.35. The minimum GS value was derived between LKC-11 to R-06, while the maximum GS value was derived between IISR-Comp-I to R-06. The average genetic similarity between IISR Comp-I to R-06 accessions (0.86) and LKC-11 and LS-6 accessions (0.70) was higher than that of all accessions.
The individual DICE similarity coefficient matrix and the cophenetic value matrix derived from the phenetic analysis of isozyme, RAPD and ISSR profiles were compared using the Mantel matrix correspondence test. A cophenetic correlation of rϭ0.99 was obtained from the MXCOMP program for RAPD as well as ISSR matrix separately, which indicates a good fit between the original similarity matrix and the resulting clustering analysis for RAPD as well as ISSR (Rohlf 2000) . The relationship among the populations was estimated by UPGMA cluster analysis using isozyme, RAPD and ISSR-GS matrices. Dendrograms obtained are shown in Fig. 3 . There were 2 clear clusters in each dendrogram, 1 cluster at X-axis having IISR Comp-1 and R-06, and the other cluster at Y-axis having LS-06 and LKC-11. It indicated that isozyme, RAPD and ISSR markers could distinguish all the 4 populations. To measure the goodness of fit for the cluster analysis, a cophenetic matrix was computed and "cophenetic correlation (r coph )" of the cophenetic (ultrametric) value matrix and the matrix upon which the clustering was based, was computed through NTSYSpc. Comparison of the cophenetic values obtained from the UPGMA cluster analysis, with Dice's similarity matrix for isozyme, RAPD and ISSR demonstrated a correlation of 0.485, 0.999 and 0.998, indicating that data in the RAPD-GS and ISSR-GS matrices was fairly well represented by the dendrogram. However, for isozymes, the goodness of fit test for the cluster analysis resulted in a low correlation.
The correlation coefficient for the elements of the Isozyme-GS, RAPD-GS and ISSR-GS matrices was calculated using the Mantel test (Mantel 1967) after doing 250 random permutations with the MxComp procedure from NTSYSpc. There was significant correlation (rϭ0.908) between the RAPD-GS and ISSR-GS matrices, however, there was low correlation of isozymes matrix and the RAPD and ISSR pattern (rϭ0.427 and 0.51 respectively) indicating that isozymes markers revealed estimates of genetic relationships unrelated to RAPD and ISSR markers.
Discussion
In this study, genomic DNA/protein was extracted from a bulk sampling for each population. Bulk analyses are economic and rapid, and it is possible to estimate the genetic variability between accessions, whereas it is not possible to obtain information about the genetic variability within the accessions (Fernández et al. 2002 ). An important experimental factor is the number of individual plants bulked for the accessions. Yang and Quiros (1993) bulked the samples of celery with 10, 20, 30, 40 and 50 individuals and found the same RAPD banding pattern. Bustos et al. (1998) also found that bulks of 10 to 20 individuals resulted in the same RAPD profiles. In this study, we used 10 individuals from each sugarbeet population.
In an earlier study on genetic variation in beet genotypes consisting of 8 sugar beet lines, 8 cultivars of Swiss chard (spinach beets) and 16 wild beet accessions, Abe and Shimamoto (1990) used 11 enzyme systems. Isozyme markers were also used to characterize 9 different monosomic additions in Beta vulgaris from B. webbiana using 11 isozyme systems as markers (Reamon-Ramos and Wricke, 1992) . Although the populations in the present study could be distinguished on the basis of polymorphic isozyme spectra showing both homology and diversity in their banding pattern, the high isozyme-GS indices (mean value 0.73) among these genotypes reflected the need to survey more number of enzymes to enhance polymorphism. The much lower values of average genetic similarity based on RAPD (0.27) and ISSR (0.35) suggested that higher genetic diversity could be detected by DNA based markers than that of isozymes among the sugarbeet genotypes. Moreover, the large number of markers available made RAPD and ISSR analysis more reliable for analysis of the extremes (e.g. closely related taxa may show no isozyme differences and distant taxa may show no isozyme similarities). Furthermore, RAPD and ISSR markers detected more heterozygosity than did isozymes. Both classes of markers i.e. RAPD and ISSR resolved large numbers of multilocus combinations, the majority of which were represented by only one or 2 individuals in the total sample and more than 80% of the loci differed among plants in different populations. Isozyme markers provide a convenient method for detecting genetic variability, but are subject to ontogenic variations. They are also limited in number, and only DNA regions coding for soluble proteins can be sampled. While many important aspects of population diversity as determined by molecular markers are significantly correlated with those of isozymes, such correlation values are generally low, indicating that only a small proportion of the genetic variation detected by one class of markers can be predicted by the other. The possibility of screening a higher number of anonymous loci in sugarbeet using molecular markers as compared to isozymes would enable the selection of the best parents in order to obtain new genetic combinations.
